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Time and  habitat heterogeneity constrain 
the  opportunity for  sexual selection during mating 
 
The  growing interest in  the  mechanisms of  sexual selection has  produced a  prolifera- 
tion of  hypotheses on  mate choice showing that  the   problem is  very  complex and that it 
involves many variables (JANETOS 1980,  ANDERSSON 1994,  GIBSON & LANGEN 1996). These 
observations give  us  cause to  reassess our generalisations on  the  rules and opportunity for 
sexual  selection  (CUNNINGHAM &  BIRKHEAD  1998,   GONTARD-DANEK  &  MØLLER  1999).  PARKER 
(1983) and  HUBBELL &  JOHNSON  (1987) have already predicted  that  the   pattern of  mating 
could be  random, if  the  variation among males in  secondary sexual traits is  small and the 
time available for  pairing is  short. Moreover, life-history strategies, the  evolution of  alterna- 
tive  reproductive tactics and the  occurrence of  some constraints (e.g.  searching costs, compe- 
tition, time, predation, mate density and distribution) can  lower the  opportunity for  sexual 
selection (e.g.,  ECKERT & WEATHERHEAD 1987,  BJÖRKLUND 1990,  MCLAIN 1991,  SHUTLER  & 
WEATHERHEAD  1991,  SLAGSVOLD  &  DALE   1991,  WINEMILLER  1992,  SULLIVAN  1994,  NEFF  2001). 
We  can  hypothesise that, under several natural scenarios, some constraints could prevent sex- 
ual  selection from affecting the  process of  pair formation. Here, we  propose a new  constraint 
associated with habitat heterogeneity. When there is  considerable variation in  territory quali- 
ty  due   to  habitat  heterogeneity, the   increasing risk   of  losing the   territory by  being chased 
away by  a  usurper (BLACK   1996) might  represent  a  major constraint on  time to  choose a 
mate. Alternative mating tactics evolved under this scenario may  differ from those evolved by 
sexual selection alone. Variation in  the  suitability of territories probably exists to  some degree 
in  most if not  all  animal populations, and recently RODENHOUSE et  al.  (1997, 1999) introduced 
the  concept of  site-dependent species, in  which individual fitness depends on  exclusive use  of 
a  territory. The   spatial distribution  of  resources is  considered one   of  the   most important 
influences on   behavioural  variation  (EMLEN  &  ORING  1977), and  was   shown to  affect the 
degree of  sexual selection within  a  population  (MARSH  et  al.  2000,   FERRER  &  PENTERIANI 
2003). In  birds, the   importance of  territory quality as  a  selective force potentially shaping 
mating systems is generally supported by two  observations (e.g.,  SEARCY 1979,  ENS et  al.  1996, 
NEWTON & WYLLIE 1996,  RUSSEL & ROWLEY 1996). First, many individuals select the  character- 
istics of breeding sites, not  those of the  potential partners occupying such sites. Second, mate 
fidelity can  be  a by-product of nest site  fidelity, as  a result of accepting a vacancy in  an  estab- 
lished territory in  which a bird of the  opposite sex  is already present. Many territorial species 
despotically and pre-emptively occupy sites that differ in  suitability for  reproduction and/or 
survival, thus relegating other individuals to  lower-quality sites. For  these species, a  mating 
strategy based on  maximising the  probability of  choosing the  best available mate may  not  be 
profitable. One   animal group that  exemplifies the   despotic territoriality  model is  raptors. 
Birds of  prey are  a  site-dependent species group in  which manifest morphological secondary 
sexual traits permitting an  easy  and fast  evaluation of  individual quality do  not  always seem 
well  developed. Several cases  of  rapid mating, suggesting temporal constraints  for  sexual 
selection opportunities, are  reported by  NEWTON (1979) and  BOWMAN & BIRD   (1987): African 
Red-tailed Buzzards Buteo auguralis, American Kestrels Falco  sparverius, Eurasian  Kestrels 
Falco  tinnunculus, Peregrines Falco  peregrinus and Swainson’s Hawks Buteo swainsoni were 
observed mating within just  one  day.  In  these cases, replacing occurred within such a  short 
time that it  is  possible to  hypothesise that such a  temporal constraint prevented assessment 
of multiple partners before the  eventual choice. 
   
 
 
Further evidence of  the  prevention of  sexual selection by  temporal constraints in  rap- 
tors has  been produced by  more than 15  years (1986-2000) of research on  the  Doñana (south- 
western Spain) population of  Spanish  Imperial  Eagle Aquila adalberti (FERRER  2001). During 
this period, 60%  of  breeding and floater individuals were equipped with radios. We  recorded 
20  independent  mating events of  marked individuals occurring within 8-24  hr of  previous 
mate loss.  In  60%  of  the  observed events a  new   male occupied a  vacancy in  a  territory in 
which there was  a  lone  female, whereas in  the  remaining 40%  of  the  events a  female entered 
a  territory occupied by  a  lone  male as  a  new  mate. These rapid changes always occurred in 
the  highest quality territories. In  low  quality territories, also  in  the  years in  which the  popula- 
tion  reached  its   saturation  threshold,  changes  occurred  more  slowly (e.g.   over   several 
months).  The   new   pairs  reproduced  successfully after  mating  and  pair  bonds  continued 
beyond the  year of first mating. 
In  this time frame selection of  the  new  mate was  impossible because: (i)  the  vacancy 
was  not  filled  by  a  floater that was  regularly or  intermittently present on  the  territory (even 
though some such individuals were older than the  one  which eventually filled  the  vacancy); 
and (ii)  two  prospecting individuals were never observed simultaneously at the  same territory 
during a mating event. 
One  alternative possibility to  the  above is  that sexual selection acts in  more subtle and 
indirect ways. For  example, in  many avian species, males compete for  access to  territories or 
to  be  closest to  a  female (LIGON 1999). This  could compensate for  the  reduction in  the  inten- 
sity  of sexual selection that results from less  time for  female choice and, therefore, it could be 
hypothesised that sexual selection still  acts indirectly as  an  increase in  male-male competition 
when female choice is  reduced. However, in  the  Spanish Imperial Eagle, the  absence of  fight- 
ing  or  territorial/sexual displays between male floaters (before they  occupy a  territory) near 
the  breeding areas (FERRER 2001) suggests that male-male competition does not  occur when 
female choice is  constrained, preventing some males from being among the  available males. 
In  addition, during the  above-cited mating events, we  never observed two  adult males fighting 
within a breeding territory to  obtain a lone  female. 
In  other raptor  species (Kestrels, Ospreys Pandion haliaëtus and Peregrines), females 
look   for  mates that possess a  good nest site  and cannot afford to  be  too  choosy, ignoring 
most other  criteria  (RATCLIFFE 1980,  POOLE  1989,  VILLAGE 1990). On  the  other hand, first-year 
Sparrowhawks  Accipiter nisus  previously excluded  from  nesting  territories  by   dominant 
adults were promptly accepted when the  adult disappeared (NEWTON 1986). 
Because divorces exist  in  several taxonomic bird groups (BLACK   1996), the  best strategy 
could be  to  accept the  first new  mate encountered to  minimize the  risk  of  territory loss.  In 
addition, the   rapid acquisition of  a  new   mate will  reduce or  eliminate the   potential costs 
associated with mate change, such as  fighting rivals and searching for  a new  mate (ENS et  al. 
1996). In  birds of  prey, characterised  by  a  protracted breeding cycle,  taking a  long  time to 
select a  mate may  also  prevent reproduction or  delay laying for  the  current year. Late laying 
in  these species is usually associated with low  breeding success and low  survival prospects for 
the  offspring (NEWTON 1979). 
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